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This invention relates to electrical measure- The cathode of tube 19 is returned to ground 
ment instruments; in particular it is directed to through the parallel combination of biasing re- 
providing a means for accurately measuring very sistor 4 and by-pass condenser 5. The screen 
small capacitances, grid of tube 10 is by-passed to ground by con- 
Measurement of small capacitances, particu- 5 denser $ and is connected to the positive side of 
larly small distributed capacitances character- D.-C. source 15. The negative side of D.-C. source 
istic of practical resistors, tube sockets, and other 15 is grounded. The suppressor grid of tube 
circuit elements, is often of great importance in is tied to the cathode; the plate of tube 10 is 
high-frequency radio engineering. The most suc- connected to the positive side of D.-C. source 
cessful method afforded by the prior art for 10 through load resistor 7. The plate of tube 10 is 
measuring small capacitances is a technique in- connected to the control grid of tube 25 through 
volving a high-frequency signal generator and a condenser 1 I. 
standard variable condenser. The standard vari- A carefuily calibrated variable condenser 15, 
able condenser is incorporated in a tuned circuit which serres as a capacitance standard, is con- 
and the circuit is tuned to resonance at the sig- 15 nected between the control grid of tube 25 and 
nal generator frequency. The unknown ca- gr6und. In parallel with condenser 15 are an 
pacitance is then placed in shunt with thè stand- inductance coil 14 and a high impedance A.-C. 
ard condenser and the circuit is tuned with the vacuum tube voltmeter 17. Coil 14 is propor- 
variable condenser until if is again resonant. The tioned to resonate at the signal frequency for 
difference in capacity settings of the standard 20 some intermediate setting of condenser 15. Also 
condenser is taken as the measure of the un- connected between the grid of tube 25 and ground 
known capacitance, is a seriis circuit comprising switch 12 and 
The technique just described, known generally sistor 13. Resistor 13 shouid have low resistance; 
as the "comparison method," is reasonably ac- two hundred ohms might be an appropriate value. 
curate for measuring capacitances of a few tenths 25 The suppressor grid and cathode of tube 25 are 
of a micro-microfarad or larger. Its limitations connected together; the cathode is connected to 
are the accuracy of calibration of the standard ground through the parallel combination of bias- 
condenser, the degree of frequency stability of ing resistor 21 and by-pass condenser 22. The 
the signal generator, and the accuracy with screen grid of tube 25 is bypassed to ground by 
which the precise condenser setting for resonance 30 condenser 23 and is connected to the positive 
can be detennined. These limiting factors coin- side of D.-C. source 16. The plate of tube 25 is 
bine in practica applications to make the coin- connected to the positive side of D.-C. source 
parison method of capacitance measurement un- through plate load resistor 24. Inductance cofl 
reliable for measuring capacitances of a tenth 27, condenser 29, and high-impedance 
micro-microfarad or less. 35 vacuum tube voltmeter 32 are connected in paral- 
The obect of this invention is to provide .a lel, one side of the combination being grounded. 
means for evaluating capacitances as small as a Coil 27 is proportioned to resonate at the signal 
few thousandths of a micro-microfarad, frequency for some median setting of condenser 
The invention wfll be described with reference 29. The ungrounded side of the parallel circuit 
fo the appended drawing, which is a representa- 40 just described is connected to the plate of tube 
tion in schematic and block form of one embodi- through coupling condenser 25. A shorting 
ment of the invention, switch 31 is connected across variable con- 
Referring to the drawing, signal generator I denser 29. 
may be any reasonably stable signal generator Small condensers - and 35 are connected in 
capable of producing very high frequencies. The 45 series between the grid of tube 25 and the 
actual frequency employed is not critical, but as grounded side of condenser 29. The junction of 
a. practical marrer a relatively high frequency condensers  and $ is connected to ground 
must be resorted to for measuring capacitances as through a low resistance 39, which may be about 
small as those here involved. A frequency in the fifty ohms. A sensitive radio receiver 4, of con- 
region from 30 to 100 mc./s, might be chosen. 50 ventional construction, tunable to the frequency 
One output teminal of signal generator I is of signal generator , bas its input terminals 
grounded; the other is coupled to the control connected across resistor 39. 
grid of buffer amplifier tube I{} through coupling Teminal 33 is connected to the control grid 
condenser 2. Grid-leak resistor 3 is connected of tube 25; terminal 35 is connected to the un- 
between the control grid .6f tube 19 and ground. 55 grounded sidWof condenser 29. The unknown 
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capacitance to be measured may be connected 
between terminals 33 and 35; in the drawing a 
circuit element X is shown connected between 
these terminals. Element X is represented as 
having both resistance and capacitance, as will 
often be the case in practice. 
The operation of the invention is based upon 
the well known fact that capacitance between 
the grid and plate of a vacuum tube functioning 
as an amplifier is "refiected" into the grid-cath- 
ode circuit as an admittance in shunt with the 
grid-cathode capacitance of the tube. In the 
general case the nature of this reflected.admit- 
tance is complex, but in the special case where 
the A.-C. grid and plate voltages differ in phase 
by 180 °, which is the only case involved in this 
embodiment of the invention, the grid-plate ca- 
pacitance is refiected into the grid circuit as a 
pure capacitance equal to Ct(I÷A), where 
equals the total cpacitance from grid fo plate 
and A equals the magnitude of the voltage am- 
plification, that is, the ratio of the A.-C. plate 
voltage amplitude to the A.-C. grid voltage 
p!itude. 
In this invention the circuit e!ement whose ca- 
pacitance is fo be measured is cormeced effec- 
tively between griç and plate of a vacuum tube 
functîonug as a voltage amplifier, appropriate 
adjustmentsare ruade to effect a 180 ° phase rela- 
tionship between-the .-C. grid and plate volt- 
ages, and the reflected capacitance in the grid 
circuit, as amplified by the tube, is measured by 
the comparison method. This reflected capaci- 
-ta.nce, ,being ten. or more rimes the actual ca- 
pacitance frein g]:id fo plate, is large enough to 
be accurately determined by the comparison 
technique. The magnitude of voltage ampliflca- 
-tion can be evaluated by comparing the readings 
of the vacuum tube voltmeters in the plate and 
grid circuits. With th,ese values in handj the 
total actual capacitance ïrom grid to plate may 
be calculated easilF. The unknown capacitance 
equals the total plate-grid capacitance less the 
inherent plate-grid capacitance of the tube, 
which is a constant quantitF. 
If the signal requency is low and the imped- 
ance betveen the grid and plate is .purelF capaci- 
tire, th.e plate voltage of an amplifier tube is 180 ° 
out of phase with the grid voltage when the plate 
load impedance is a pure resistance, i. e., when 
the plate tank circuit is precisely resonant to 
the signál frequencF. Where the frequencF is 
high enough that electron transit time within 
the tube is an appreciable fraction of a period, 
or where a resistive comportent of impedance is 
present between the .plate and g.rid, however, a 
resonant plate load circuit wfll hot yield a 180 ° 
phase relation between the grid and plate volt- 
ages. Under such conditions the 180 ° phase re- 
lation is obtained when the plate load circuit is 
tuned to a critical point on the inductive side of 
resonance. The function of the network com- 
prising condenseis 3 and 38, resistor 9, and re- 
ceiver  is to provide a convenient means for 
accurately tuning the plate load circuit of tube 
25 to a setti _ng which wfll produce the desired 180 ° 
phase relation between the plate and grid volt- 
ages. Th.e condensers 5 and 3 both have very 
small capacitance, but condenser 3 should bave 
greater capacitance than condenser 38, the ratio 
of their capacitances being roughlF equal to the 
amplification of tube 25. In practice that am- 
plification may be of the order of ten or twelve. 
Neither condenser 35 or 33 contributes appre- 
ciably to the grid-plate capacitance of tube 

4 
for the reason that their junction is connected 
to grov_nd through resistance 39, which is 50 ohms 
or thereabouts and hence virtually a short circuit 
compared to the reacances of the condensers. 
5 In consequence condenser  is effectively be- 
tween grid and cathode of tube 25 and hence in 
shunt with variable condenser . CondCser 
is effectively between the plate and cathode of 
tube 25 and is thus in shunt with plate tuning 
condenser 2. When amplifier tube 25 is opera- 
tire, the significant effect of condensers $ and 
3 is 'to add vectorially across resistor 3 a OErac- 
tion of the A.-C. g.rid voltage and a fraction of 
the A.-C. plate voltage. The capacitances of con- 
densers $6 und 3 are so proportioned that the 
magnitudes of the two components of voltage 
across resistor 3 are about equal. Consequently 
the magnitude of the resultant signal voltage 
across resistor 3 is almost wholly dependent 
on the phase of the two voltages, and it drops al- 
most fo zero when the phase of the plate voltage 
is 180 °relative to the grid voltage, leceiver 
acts as a gensitive detector of this resultant sig- 
nal voltage. 
The step-by-step procedure for measuring an 
unknown capacitance with the inveni0r is as 
follows: 
(1) The circuit element wtose Capacitance is 
fo be measured is connected betweeï eminals 
33 and $'3. (2) Switch 
sistor 13 across resistor 
very low impedance, voltage source, sulJplFing a 
small but essentially constant voltage -to he grid 
of tube 25. (3) Switch.  I being OPen, c0denser 
2 is then tuned untfl a ull, or sharp minimum 
in signal strenggh, is.deected in reeiver 4. This 
null or minimum irdicates that the plate circuit 
of tube 5 is so adjusted that the reuired 180 ° 
phase relation exisgs.between the plate and grid 
40 voltages of tube 25. (4) Switch 12 is opened and 
switch 31 is closed. These operations place-the 
grid tank in the circuit and short-circuit ghe 
plate tank, reducing the amplifiCation of-tube 
to zero. Condenser 15 is now tuned to resonance 
45 as indicated by maximum reading on v01tmter 
17. The capacitance settïng is noted. " (5) Swïtch 
 I is 5pened and condenser I  i_s tuned untilgrid 
circuit resonance is rest0red. The new-capaci- 
tance seting of. conderiser I' is noted and ¢he 
50 change of capacitarCe is obtained by subtracting 
the second rading rom he flrst. At his .point 
the readings o voltmeters 3. and  are noted 
and the amplification determined by aking the 
ratio of the v01tages. (6) The mgïitude of the 
55 unknown capacitance is evaluated/by substitu- 
tion in the formula 
C=--CA --C  
60 where Cx is the tmknown capacitancë,.A is the 
difference between the two setings of ca-lbrated 
condenser 15, A is the magituce 0 vol_tage am- 
plification, an d Cv is the iiherèiç g-idrplate 
capacitance. This la-tter quaiïtF 5i ïl :le_sred 
65 be measured simply by g6in thmigh. he. fre- 
going steps wit h o Unknown gPacitçnçe -in the 
circuit, the inherent capacitUnce in such .case 
being equal to " 
70 
The formula for. the unknown capgciance, 
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may bé easily derived from thé equation  obtained 
by equating thé total gid circuit apacitancs fbr 
thé two conditions of resbnarïc. This giVes: 
C (CC) 
whëçë C i he initial capacitance setting of con- 
denser G and thé other mbolS have he same 
meanings as in thé formula. Solution of this 
équation ïor Cx give thé formula as set forth. 
If will bé understood that thé embodiment of I0 
thé invention herein shown and described is 
exemplary only, and that thé score of thé in- 
vention is fo bé determined by référence fo thé 
appended claims. 
What is claimed is: 
1. In an apparatus îor measuring thé capaci- 
tance o a capacitive élément, an électron dis- 
chargë device having a cthode, an anode and a 
control électrode connected fo function as a volt- 
age hmPli.fier, control 'électrode-cathode circuit 20 
means app!ying an alternating voltage fo said de- 
»2ce, means connecting said élément between said 
control emectrode and said anode, impedance 
means connected between said anode and said 
cathode to maintain 180 
alternating voltage af said anode and alternating 
voltage at said control electrode so that thé 
pacitance oï said élément is refiected into said 
circuit means af an increased value determined 
by thé gain oï said device, voltage measuring 30 
means coupled to said anode and said control 
électrode ïor determining thé gain of said device 
and means measuring said refiected capacitance, 
thé last-named means including tuning means 
îor shiïting thé amplitude of thé anode alternat- 35 
ing voltage from a normal value thereof to zéro 
value, variable reactance means included in said 
circuit means ïor adjusting said circuit means to 
résonance with said anode alternating voltage 
when thé amplitude of said anode voltage is 40 
shiïted fo said zéro value and when thé ampli- 
tude oï sid anode voltage is at said normal vaIue 
and means determining thé reactance of said 
variable reactance means when adjusted to estab- 
lish résonance with each of said amplitude values 45 
of said anode alternating voltage. 
2. In an apparatus for measuring thé capaci- 
tance oï a capacitive élément, an électron dis- 
charge device having a cathode, an anode and a 
control électrode connected fo function as a volt- 50 
age amplifier, control électrode-cathode circuit 
means applying an alternating voltage fo said 
devce, means connecting said élément between 
said control électrode and said anode, impedance 
means connected between said anode and said 55 
cathode to maintain 180 ° phase relation between 
alternatng voltage af said anode and alternat- 
ing voltage af said control électrode so that thé 
capacitance oï said élément is refiected into said 
circuit means at an increased value determined 6O 
by thé gain of said device, voltage measuring 
means coupled fo said anode and said control 
électrode ïor determining thé gain of sid device, 
and means measuring said refiected capacitance, 
thé last-named means including tuning means for 65 
shiïting thé amplitude of thé anode alternating 
voltage îrom a normal value thereof fo zéro value, 
variable capacitance means included in said cir- 
cuit means ïor adjusting said circuit means fo 
résonance with said anode alternating voltage 70 
when thé amplitude thereof is shifted fo said 
zéro vulue and when thé amplitude thereof is 
at said normal value and means determining thé 
capacitance of said variable capacitance means 
when adjusted fo establish résonance with each 

'of Said amplitude values bf said anode alterat- 
ing voltage 
3. In an apparatus for measuring thé caPaci- 
tance of an unknown élément, an électron dis- 
charge device having a cathode, an anode, and 
a controI électrode connected fo function as a 
voltage amplifier, said unknown élément being 
c5nnecd betwëdn.: said anode and said control 
ëlectrode, .means in circuit with said anode to 
së!ectîvely disable: thé amplifying function of said 
dëïCë: cëntrol êletrode circuit means including 
an adjUsable calibrated capacitance capable of 
being uned to résonance when said électron dis- 
chare device is hot operating as an amplifier 
and capable of being tuned to résonance when 
.sid électron 'dishrge device is operating as an 
'amplifier wherëby:apacitance readings may bé 
obained frm sïid a]ibrated capacitance and 
thé capac'itance of:said unknown élément may bé 
computëd. 
4 In 'an apparatas for measuring thé capaci- 
tancë: of an unknown élément, an électron dis- 
charge device haying a cathode, an anode, and 
a cont/'O1. électrode connected to function as a 
voltagë amplifier  said unknown élément being 
connected between said anode and said control 
électrode, a signal generator supplying a voltage 
to said control électrode, switch means in thé 
anode circuit of said électron discharge device 
controlling thé opération of said électron dis- 
charge device as an amplifier, control électrode 
circuit means including an adjustable calibrated 
capacitance capable of being tuned to résonance 
when said électron discharge device is not oper- 
ating as an amplifier and capable of being tuned 
to résonance when said électron discharge device 
is operating as an amplifier whereby capacitance 
readings may bé obtained from said calibrated 
capacitance and thé capcitance of said unknown 
élément may bé computed. 
5. In an apparatus for measuring thé capaci- 
tance of an unknown élément having a resistive 
component of impedance, an électron discharge 
device having a cathode, an ,anode, and a control 
électrode connected fo function as a voltage am- 
plifier, said unknown élément being connected 
between said anode and said control électrode, a 
signal generator supplying a constant alternating 
voltage fo said control électrode, anode circuit 
means including an adjustable capacitance to 
allow said anode circuit means fo bé tuned fo thé 
inductive side oï résonance whereby a 180 ° phase 
relation between said control électrode voltage 
and said anode voltage is achieved, means in 
circuit with said anode fo selectively disable thé 
amplifying ïunction of said device, control élec- 
trode circuit means including an adjustable 
calibrated capacitance capable oï being tuned to 
résonance when said électron discharge device 
is not operating as an amplifier and capable of 
being tuned fo résonance when said électron dis- 
charge device is operating as an amplifier where- 
by capacitance readings may bé obtained :rom 
said calibrated capacitance and thé capacitance 
of said unknown élément may bé computed. 
6. In an apparatus for measuring thé capaci- 
tance of an unknown élément having a resistive 
component of impedance, an électron discharge 
device having a cathode, an anode, and a control 
électrode connected to function as a voltage am- 
plifier, said unknown élément being connected 
between said anode and said control électrode, a 
signal generator supplying a constant alternating 
voltage to said control électrode, anode circuit 
means including an adjustable capa¢itance and 
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switchiig means, said switching means con- 
trolling the operation of said electron discharge 
device as an amplifier, said adjustable capaci- 
tance allowing said anode circuit means fo be 
tuned fo the inductive side of resonance whereby 
a 180 ° phase relation between said control elec- 
trode voltage and said anode voltage is achieved, 
control electrode circuit means including an ad- 
justable calibrated capacitance capable of being 
tuned fo resonance when said electron discharge 
device is hot operating as an amplifier and capable 
of being tuned fo resonance when said electron 
discharge device is operating as an amplifier 
whereby capacitance readings may be obtained 
from said calibrated capacitance and the capaci- 
tance oï said unknown element may be computed. 
7. In an apparatus for measuring the capaci- 
tance of an unknown element, an electr0n dis- 
charge device having an anode, a cathode, and 
a control electrode connected to function as a 
voltage amplifier, a signal generator supplying 
a constant alternating voltage to said control 
electrode, a pair of capacitances connected in 
series between said anode and said control elec- 
trode, a low impedance input receiver connected 
to said pair of capacitances at the midpoint be- 
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tween said capacitances, the ratio of capacitances 
of said pair of capacitances being approximately 
equal fo the amplification of said electron dis- 
charge, device, and a tunable anode circuit where- 
5 by the phase of the anode voltage may be tuned 
to 180 ° relation fo the phase of the control elec- 
trode voltage as indicated by a null af the low 
impedance input receiver. 
HAIOLD N. BEERIDGE. 
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